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1 INTRODUCTI ON
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2 OBJECT CODE COMPRESSI ON
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The approach to be descriled herei it endst oreducet he
power consumpti ofiromt he vi ewpoi 1t of t hefoll wi ng fac-
torsof embedded processors.

e The main issudstoreducethe power consunption
of thetotalsystemwhi ch i sconposedof theexternal
menory, iterfacesfc.

e The sizeofeadh programwhi ch runson theprocessor
isrel atebysmnll.

e Additionadircui tanbeeasilytegrateditoa chip.

Taki ngaccourt of thesef actorsthe power consunpti onof
theexternahenory canbe regardedis conparabl etothat
of the embedded processorthatis,thereducti onf power
consunptiomftheexternahenory greatl sffectsthesys-
teml eel power savi ngof thetotalsystem

Now, itshoul dbe renmarkd that a programgenerally
usesonl ya smnll part of theinstructi aret provi dedby
the processorand noreover t herearemuch duplicati cof
instructionstheprogram In otherwords,a setof much
shorternstructiomy executethefunctionsequiredor
theprogram An instructidrconpresson ssynt hesizeslo
as togeneratobjectcodes fromsuc shortei nstructions,
whi ch canbe easilyitegrateditot heembeddedprocessor.

Basedon theseconsiderationsn objectconpression
schene isconstructeds outlinedel ov

1° Giwen an embedded programof m- biwi dth, traceit
togetasetG (:= {ilt = 1,2,...,n}) of instructions
wi t houtduplication.

2° Assigna numberi toeach distindtnstructi of G as
a l ogn- bi tcode.

3° Constructa tableto transformadi pseudocode to
an m-bit-w denstructicanpd i npl enent i ti nt hei n-
structiodeconpressor.

In thisway, thel /O bandw dth between the processor
and theexternahenory isreduced.Iftheexternahenory
cont ai nst he pseudocode itselhgillustratedFig.2(a),
the bi #i dth accessingo the nenory can be reducedto
(log) /m. Ifa fewpseudocodes aregroupeditoan m-bit
code, as indicatednFig.2(b),a sl speed nenory can
be enpl oyed. Ineithecase,t he power consunpti onof t he
systencan be greatl yeduced.

The transformabl eof address/instructtanbe easily
inpl nenetedby usi ngROM asshown inkig.3. Withthere-
cert advanceof thefablicatibahnol ogythemenory unit
can be i tagratedn a processorndi e[9,10, 11], and hence
thetransformabl ecanbe i ncorprated 1t ot heembedded
processor.

The so-call @humbinstructieat[1Xforan ARM pro-
cessororecanteducet hel /Obandwi dt hf orembeddedap-
plicati grograns.Thi ssdene, however itralucesa new
instructieatconposedof36 16-bi bperati onodesdr amm
fromthestandard2-bi tARM instructient forwhi ch ad-
ditionaedofwaretool s(i.econpilerassemler]inkr,etc.)
shoul dbe devel opd. On thecontraryour approad neces-
sitateenl ysinpl esoftvaretool sfortraci ngf prograns,
and sortingini f yi ngand numberi ngfinstructi onEven-
tual l,your approah need neitherevisea newinstruction
setnor devel opel abratesoftwaretool s.
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Figure2: Overviewof ]l owp ower enhancedembedded pro-
CEesSsOrs.

3 FULLCODE/SUBCODE
COMPRESSION

Let us denoteby the fullcode canpr ssan  schene the one
statedbove, whi ch i sperformedyy a seriesfstepsl®, 2°,
and 3°.

(onsiderthatintheinstructi dormt,registerand
flags are assi gned o fixed positionsand |l etus now i1tro-
duce anot herasb cod cap escr sdene, 1 nwhich opera-
t1oncodes can be conpressedsimlar)] yi ththe codes for
regi stemnd flags bypassinglirectltyothe processoxore,
as showmn inkFig.4.
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General l,yt he power di ssipatiaf a nenmory uni tde-

pends on the areaoccupancy Hence,the power reducti on
ratiof, of theinstructi ommory by thefull de com



Transform Table
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Figure 4: Instruction decompressor for subcode conpres-
sion

pression can be defined by

NTlog n] + knm

Nlog n| t kom &
where N, m, and n indicate the number of irstrcutions for
origimal program  the hitwdth of original imstruction, the
num ber of conpressed imstructions, respectively. In addi-
tion, &k indicates the power dissipation ratio of the on-chip
mnory  to the external memry , and actually % isin the
range of 0.5 <k <0.7.

In the same mammer wth this, the power reduction ratio
P, o of the imstruction mmory by the subcode compres-
sion, inwic h 7 register operands are passed directly to the
pro cessor core, can be defimed by

N([logn'l+ i)+ kn'(m —i) )
Nm ’
vhere, land n'indicate the hitwdth of each register op erand

and the number of conpressed imstructions, respectively.

Prro=1~

Pojo=1-

4 EXPERIMENTAL RESULTS

The prop osed compression scheme  has been applied to an
ARMG610 pro cessor core. Hg 5 outlines the process flow of
our object code conpression system ‘The existing software
developmen t kit (ARMsdt) isemdo yed for tracing imstruc-
tiors, and the Peal for the data processing. In the full code
conpression, only object codes are inptt to this system
vhereas in the subcode conpression, in addition to the ob-
ject codes, the imstruction formats are also input to this
system as indicated in Hg 5 ‘Ths system outputs either
ROM generated by mmary compler of COMPASS Design
Navi gatoror logic cells gererated by VHDL syn thesizer.

Several exp erimen ts have been attampted by wing a
num ber of embedded programs, such as the so-called Dhrys-
tone bemnc hrark (dhrystore) and an PDA operating system
pI'IR QN (uitron), in order to otserv e the practicahility of
the prop osed schem.

TaHe 1 shows a part of exp eriman tal results of the full-
code and subcode compressiors. A summarized in Hg 6
the imstruction trace outputs object codes, frequencies of
their app earance together wth percentage. Hg 7illustrates
the tramsform tabe from the pseuwdo code to the ARM in
struction. The power reduction ratio determned by equa-
tioms (1) and (2) are sumarized in TaHde 2, vlere the co-
efficient k isset to 0.7.

A for the FD A operating system p I'TR QY the num ber
of imstructions by the fullcode conpression 1s 4,026, each
assigned by 12-hit pseudo code. The compression ratio of

embedded instruction
program format

fullcode .
compressio

ROM
compiler

VHDL
synthesizer

Hgmwe 5. Ho cess flow of object code conpression

Program Name: dhrystone
Total # Table Entries: 3,637

object code times rate

OXE1AOFOOE 88  (1.29%)
OxE3300000 82  (1.20%)
[ ] [ ] [ ]
[ ] [ ] [ ]
0xE1320003 1 (0.01%)
O0xE2421001 1 (0.01%)

Hgre 6: Imstruction tracing result for Dhrystore.

htwdth from 32 to 12 is 62.5%, and the power reduction
ratio of the imstruction memary is42.3% TaHe 3 indicates
the inpemen tation results of imstruction deconpressor  for
plTR N It should be remark abHe that the logic cells gener-
ation 1sespecially effective in the case of subcode conpres-
sion

The inp ortant benefit 1s that the system can be con
structed wth the we of only one 16-hit external penory
chipp M w that only 8- or 16-hit memry chips are avail-
able, in order to feed 32-hit imstructioms to the pro cessor
directly from the external menory , it should be necessary
to wse four 8&ht mmory chips or two 16-hit mmory  chips,
even though asingle chip coud suflien tlysuppdy the mem
ory capaclit y.

5 CONCLUSI ON

This pap er has described a lowp ower comsunption  scheme
dedicated to embedded pro cessors by object code conpres-
sion. Adopting pseudo imstructioms in object codes of em
bedded program and addon circuts, system level power



Table 1: Experimental resul ts.

Program Original | Fullcale Sub code
Si ze 1=2 | 1=3
dhrystone 6,733 3,637 1,992 1,449
W tron 13,970 2026 | 1,430 | 1,140
armsm 41,506 | 14,563 | 6,269 | 4,544
arnuc 117,549 | 37,005 | 14,505 | 9,591
armhib 9,136 4852 | 2,667 | 1,957
armhi ik 29,050 | 12,111 | 5,844 | 4,206
armmak e 10, 405 5,326 | 2,940 | 2,117
armsd 93,002 | 28,572 | 11,377 | 7,494
armtools(¥) | 300,738 | 68,418 | 23,166 | 14,384
T uni nage 124,442 | 31,587 | 9,157 | 5,337
awrender 13, 500 6, 985 3, 562 2,602
Tageext 2,033 2,295 | 1,528 | 1,208
Tontdraw 2,783 1,831 | 1,160 941
(*) armsm  armec, armhib, armbink, armmk e, armd

0000 0000 0000 -»1110 0001 1010 0000 1111 0000 0000 1110 #(OXELAOFOOE)
0000 0000 0001 -»1110 0011 0011 0000 0000 0000 D000 0000 #(OXE3300000)
[ ) °
[ ) °
1110 0011 0100 -=1110 0010 0100 0010 0001 0000 0000 0001 #(OXE2421001)
pseudo code object code
KHgure 7: Transform table from pseudo code to ARM in-
struction

consunption issaved from the viewp oint of processors and
external nenory
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